State Oil & Gas Requlatory Exchange Initiative

Induced Seismicity by Injection Associated With Oil & Gas Development:
A Primer on Technical & Regulatory Considerations Informing

Risk Management and Mitigation

This report is developed by the StatesFirst Induced Seismicity by Injection Workgroup (“ISIWG”) members, with input and support from the ISIWG technical advisors,
to help better inform all stakeholders and the broad public on technical and regulatory considerations associated with traffic light systems, monitoring systems,
information sharing, and the use of ground shaking metric.

It is also intended to summarize the range of approaches that have been used, or are currently being used, in many local regions to manage and mitigate the risks
associated with seismicity that may be induced by injection.

This is an informational document, and is not intended to offer recommended rules or regulations. The ISIWG recognizes that management and mitigation of induced
seismicity is best considered at the local / regional levels due to the significant variability in local geology and surface conditions (e.g., population density, building
conditions, infrastructure, critical facilities, monitoring capabilities, etc.)

The Induced Seismicity Work Group is a collaborative effort of state oil and natural gas agency representatives, state geological surveys, and other experts to
share science, research and practical experience that will equip the states with the best decision making tools to evaluate the possible connections between seismic
events and injection wells, minimize risk, and enhance appropriate readiness when seismic events occur.

Co-Chairs:

Rick Simmers — Chief, Ohio Department of Natural Resources

Rex Buchanan - Interim Director, Kansas Geological Survey

ISWG Initial Areas of Focus
Traffic Light — Tim Baker -OK, Charles Lord -OK, Jeff Bull- Chesapeake and (Mike Nickolaus, GWPC Staff support)
Information Sharing Data Repository — Rex Buchanan -KS and Kris Nygaard — ExxonMobil and (Steve Music, GWPC Staff support)
Seismic monitoring — Craig Pearson -TX, Hal Macartney- Pioneer, and (Joe Lee, GWPC Staff support)
Ground Motion — Herschel McDivitt -IN & lvan Wong -URS, and (Gerry Baker, IOGCC Staff support)




1. 3Traffic Light 19
2. Data Sharing 15
3. Monitoring 13

4. Ground Motion 8

Roam - Will jump around

| Title Agency Phone e-mail

State Regulatory Agencies and Geological Surveys
AR - Larry Bengal roam Arkansas Oil & Gas Commission £01-683-5814 | Larry.Bengal@aogc.state.ar.us
AR - Scott Ausbrooks Not attending Arkansas Geological Survey 601-683-0119 | Scott.ausbrooks@arkansas.gov
CA - John Parrish Not attending California Geological Survey 016-445-1825 | john.parrish@conservation.ca.gov
CA - Mark Nechodom Not attending Department of Conservation 016-322-1080 | Mark.Nechodom@conservation.ca.gov
CO - Bob Koehler 2,1,34 Colorado Oil & Gas Conservation Commission 303-894-2100 | bob.koehler@state.co.us
CO - Diana Burns 1 Colorado Oil & Gas Conservation Commission 303-894-2100 Diana.burn@stata.co.us
IL — Robert Bauer Not attending Illinois Geological Survey 017-244-2394 | rabauer@illinois.edu
IN — Herschel McDivitt 4 Indiana Division of Oil & Gas 317-232-4058 | hmcdivitt@dnr.IN.gov
IN — John Rupp Indiana Geological Survey 812-855-1323 | rupp@indiana.edu
KS - Ryan Hoffman 12,34 Kansas Corporation Commission 316-337-6200 | r.hoffman@kcc.ks.gov
KS - Rex Buchanan 2 Kansas Geological Survey 785-864-2106 | rex@kgs.ku.edu
OH - Rick Simmers roam Ohio Department of Natural Resources 330-896-0616 | Rick.Simmers@dnr.state.oh.us
OH - Robert Worstall Ohio Department of Natural Resources 330-284-1418 | robert.worstall@dnr.state.oh.us
OH - Andrew Adgate Ohio Department of Natural Resources 614-265-6673 | Andrew.adgate@dnr.state.oh.us
OK - Tim Baker Not attending Oklahoma Corporation Commission 105-522-2763 | t.baker@occemail.com
OK - Charles Lord 1 Oklahoma Corporation Commission 105-522-2763 | C.Lord@occemail.com
OK - Austin Holland 1,43 Oklahoma Geological Survey 105-361-9967 austin.holland@ou.edu
OK- Michael Teague 1,3,2,4 Oklahoma Secretary of Energy & Environment 105-285-9213 | Michael.Teague@ee.ok.gov
PA open PA Department of Environmental Protection
TX - Leslie Savage 1,2 Texas Railroad Commission 512 463-7308 Leslie.Savage@rrc.state.tx.us
TX - Craig Pearson Not attending Texas Railroad Commission 512-463-8252 | Craig.Pearson@rrc.state.tx.us
TX — Mike Sims Texas Railroad Commission 512-463-5405 | Michael.sims@rrc.state.tx.us
UT - Jon Baza Not attending Utah Department of Natural Resources 801-538-5277 | johnbaza@utah.gov
UT - John Rogers 4321 Utah Department of Natural Resources 801-538-5349 | johnrogers@utah.gov
WV — Jason Harmon Zac Stevison -- observe WV Department of Environmental Protection 304-926-0499 | Henry.J.Harmon@wv.gov

WY -Mark Thiesse

134,22

Wyoming DEQ

307-777-7072

Mark.thiesse@wyo.qov




Work Group Support

IOGCC - Gerry Baker Interstate Oil and Gas Compact Commission 105-525-3556 | gerry.baker@iogcc.state.ok.us
GWPC- Ben Grunewald | roam Ground Water Protection Council 105-255-0228 | ben@gwpc.or

GWPC - Mike Paque roam Ground Water Protection Council 105-516-4972 | mpaque@gwpc.org

GWPC- Mike Nickolaus Ground Water Protection Council 105-516-4972 | mnickolaus@gwpc.org

GWPC- Steve Musick Ground Water Protection Council 512-847-3520 | musick_ambrose@msn.com
GWPC- Joe Lee Ground Water Protection Council 717-991-5620 | Joslee.jjl@gmail.com

Federal Agencies

Ernest Majer Lawrence Berkeley Lab 510-486-6709 | elmajer@Ibl.gov

Grant Bromhal Not attending National Energy Technical Laboratory 304 285-4688 | bromhal@netl.doe.gov

Dustin Crandall 2,3,4,1 National Energy Technical Laboratory dustin.crandall@netl.doe.gov
William (Bill) Bates 1234 Environmental Protection Agency 312 886-6110 | bates.william@epa.gov

Phillip (Phil) Dellinger 1 Environmental Protection Agency Region 6 214 665-8324 | Dellinger.Philip@epa.gov
Nancy Dorsey 31,24 Environmental Protection Agency Region 6 214 665-2294 | Dorsey.Nancy@epa.gov

Steve Platt Not attending Environmental Protection Agency Region 3 215 814-5464 | platt.steve@epa.gov

Justin Rubenstein 3or4,21 United States Geological Survey 650-329-4852 | jrubinstein@usgs.gov
Environmental Groups

Scott Anderson 341 | Environmental Defense Fund | 512 691-3410 | sanderson@edf.org

Oil & Gas Industry

Rod Gertson 134 Devon Energy Corp 405-228-8243 | Rod.Gertson@dvn.com

Jesse Sandlin Devon Energy Corp 405-552-5012 | Jesse.sandlin@dnv.com

Jeff Bull 1 Chesapeake Energy 405-935-3425 | jeff.bull@chk.com

Debby Yost 4321 Chesapeake Energy 405-935-4179 | Debby.yost@chk.com

Kara Williams Chesapeake Energy 405-935-3454 | Kara.williams@chk.com

Brian Woodard 2134 Chesapeake Energy 405-935-6854 | brian.woodard2@chk.com

Kris Nygaard 2 ExxonMobil 713-431-4435 | kris.j.nygaard@exxonmobil.com
Tim Tyrrell 3,14,2 XTO Energy 817-885-3742 | Timothy Tyrrell@xtoenergy.com
Laura Swafford Not attending Chevron 832-854-7811 | LauraSwafford@chevron.com
Bob Sandilos Chevron 713-372-5884 | risa@chevron.com

Jeff Nunn Chevron 832-885-3742 | Jeffrey.nunn@gmail.com

Ted Dohmen Hess tdohman@hess.com

Shawn Maxwell Not attending Itasca Microsiesmic & Geomechanical Eval. 403-869-2120 | shawn.maxwell@itasca-image.com
Hal Macartney 3 Pioneer Natural Resources 303-675-2637 | Hal.Macartney@pxd.com

David Henry (Justin Furnace) 1 Hilcorp 713-289-2990 | dhenry@hilcorp.com

Carlos Cabarcas Not attending Hilcorp 713-289-2899 | ccabarcas@hilcorp.com

Tim Nein Not attending Hilcorp 713-289-2662 | tnein@hilcorp.com

Brad Bacon 1,4,3,2 PDC Energy 303-831-3945 | Brad.Bacon@pdce.com

Brad Bacon PDC Energy 303-831-3945 | Brad.Bacon@pdce.com

Linda McDonald observe SandRidge Energy, Inc. 405-429-6085 | Imcdonald@sandridgeenergy.com




Rob Habiger Not attending SpectraSeis 403-668-6812 | rob.habiger@spectraseis.com
Fernando Sierra Not attending Shell 832-337-2175 | fernando.sierra@shell.com
Jonathan Winsor Not attending Shell Canada Limited 403-691-4844 | jonathan.winsor@shell.com
Ulrich Zimmer 1 Shell 832-337-2836 | Ulrich.Zimmer@shell.com
Norm Warpinski Not attending Pennacle 281-571-0262 | norm.warpinski@pinntech.com
Derek Smith Rex Energy 814-795-2524 | dsmith@rexenergycorp.com
Research

Don Paul Not attending U. of Southern California Energy Institute 213 821-8165 | DonaldPA@USC.edu

Greg Beroza Not attending Stanford University 650 723-4958 | beroza@stanford.edu

Mark Zoback Not attending Stanford University 650 725-9295 | zoback@stanford.edu

Brian Stump Not attending Southern Methodist University 214 768-1223 | stump@smu.edu

Cliff Frohlich 1,3 University of Texas 512 471-0460 | cliff@ig.utexas.edu

Jon Freedman Not attending GE Global Research 202 637-4201 | Jon.freedman@ge.com

Brian Rovilli Not attending GE Global Research 405 896-4588 | brian.rovelli@ge.com

Ed Steele Where ever needed GE Global Research 405 896-4601 | Edward.steelel@ge.com
William Rish 1 Hull Risk Analysis Center 614 793-8777 | wrish@hullinc.com

Ivan Wong 4 Seismic Hazards Group URS Corporation 510 874-3014 | Ivan.Wong@urs.com
Geothermal Industry

Trenton Cladouhos | Not attending | AltaRock | 206-729-2400 | tcladouhos@altarockenergy.com
Other Organizations

Stephanie Meadows observe American petroleum Institute 202 682-8578 | meadows@api.org

Jason Smith Not attending American Natural Gas Alliance 202-715-1713 | jsmith@anga.us

Robert VanVoorhees UITC 202-508-6014 | Bob.vanvoorhees@gmail.com
Other Participants

Dan Arthur ALL Consulting 918-382-7581 | darthur@all-lic.com

Holly Green USEPA HQ 202-566-0651 | Green.holly@epa.gov

James Kenney 2 USEPA HQ 202-564-4027 | Kenney.James@epa.gov
John Veil Veil Environmental 410-212-0950 | john@veilenvironmental.com




Sub-group breakouts

Traffic Light — Review of the traffic light decision approach — Tim Baker (OK), Charles Lord -OK, Jeff Bull- Chesapeake and (Mike Nickolaus, GWPC Staff support)

| Title | Agency | Phone | e-mail

State Regulatory Agencies and Geological Surveys
AR - Larry Bengal roam Arkansas Oil & Gas Commission 501-683-5814 | Larry.Bengal@aogc.state.ar.us
CO - Diana Burns 1 Colorado Oil & Gas Conservation Commission 303-894-2100 Diana.burn@state.co.us
KS - Ryan Hoffman 1,234 Kansas Corporation Commission 316-337-6200 r.hoffman@kcc.ks.gov
OH - Rick Simmers roam Ohio Department of Natural Resources 330-896-0616 | Rick.Simmers@dnr.state.oh.us
OK - Tim Baker Not attending Oklahoma Corporation Commission 105-522-2763 | t.baker@occemail.com
OK - Charles Lord 1 Oklahoma Corporation Commission 105-522-2763 | C.Lord@occemail.com
OK - Austin Holland 14,3 Oklahoma Geological Survey 105-361-9967 | austin.holland@ou.edu
UT - John Rogers 4321 Utah Department of Natural Resources 301-538-5349 | johnrogers@utah.gov
WY -Mark Thiesse 1,3,4,2 Wyoming DEQ 307-777-7072 | Mark.thiesse@wyo.gov
Work Group Support
GWPC- Ben Grunewald | roam Ground Water Protection Council 105-255-0228 | ben@gwpc.or
GWPC - Mike Paque roam Ground Water Protection Council 105-516-4972 | mpaque@gwpc.org
GWPC- Mike Nickolaus Ground Water Protection Council 105-516-4972 | mnickolaus@gwpc.org
Federal Agencies
Phillip (Phil) Dellinger | 1 | Environmental Protection Agency Region 6 | 214 665-8324 | Dellinger.Philip@epa.qov
Environmental Groups
Oil & Gas Industry
Jesse Sandlin Devon Energy Corp 405-552-5012 | Jesse.sandlin@dnv.com
Jeff Bull 1 Chesapeake Energy 405-935-3425 | jeff.bull@chk.com
Ted Dohmen Hess tdohmen@hess.com
David Henry (Justin Furnace) 1 Hilcorp 713-289-2990 | dhenry@hilcorp.com
Brad Bacon PDC Energy 303-831-3945 | Brad.Bacon@pdce.com
Linda McDonald observe SandRidge Energy, Inc. 405-429-6085 | Imcdonald@sandridgeenergy.com
Ulrich Zimmer 1 Shell 832-337-2836 | Ulrich.Zimmer@shell.com
Research
Cliff Frohlich 13 University of Texas 512 471-0460 | cliff@ig.utexas.edu
William Rish 1 Hull Risk Analysis Center 614 793-8777 |wrish@hullinc.com
Geothermal Industry
Other Organizations
Stephanie Meadows | observe | American petroleum Institute | 202 682-8578 | meadows@api.org

Other Participants
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r.hoffman@kcc.ks.gov
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meadows@api.org




Data Sharing - Review of the concept of establishing information sharing data repository — Rex Buchanan (KS) Kris Nygaard — ExxonMobil and (Steve Music, GWPC

Staff support)
| Title | Agency | Phone e-mail

State Regulatory Agencies and Geological Surveys
AR - Larry Bengal roam Arkansas Oil & Gas Commission £01-683-5814 | Larry.Bengal@aogc.state.ar.us
CO - Bob Koehler 2,1,3,4 Colorado Oil & Gas Conservation Commission 303-894-2100 bob.koehler@state.co.us
KS - Rex Buchanan 2 Kansas Geological Survey 785-864-2106 | rex@kgs.ku.edu
IN — John Rupp Indiana Geological Survey 312-855-1323 rupp@indiana.edu
TX - Leslie Savage 1,2 Texas Railroad Commission 512 463-7308 | Leslie.Savage@rrc.state.tx.us
Work Group Support
GWPC- Ben Grunewald | roam Ground Water Protection Council 105-255-0228 | ben@gwpc.or
GWPC - Mike Paque roam Ground Water Protection Council 05-516-4972 | mpaque@gwpc.org
GWPC- Steve Musick Ground Water Protection Council 512-847-3520 | musick_ambrose@msn.com
Federal Agencies
Ernest Majer Lawrence Berkeley Lab 510-486-6709 | elmajer@Ibl.gov
Dustin Crandall 2,3,4,1 National Energy Technical Laboratory dustin.crandall@netl.doe.gov
William (Bill) Bates 1234 Environmental Protection Agency 312 886-6110 | bates.wiliam@epa.gov
Environmental Groups
Oil & Gas Industry
Brian Woodard 2,1,3,4 Chesapeake Energy 405-935-6854 | brian.woodard2@chk.com
Kris Nygaard 2 ExxonMobil 713-431-4435 | kris.j.nygaard@exxonmobil.com
Bob Sandilos Chevron 713-372-5884 | risa@chevron.com
Jeff Nunn Chevron 832-885-3742 | Jeffrey.nunn@gmail.com
Geothermal Industry
Other Organizations
Robert VanVoorhees | | uITC | 202-508-6014 | Bob.vanvoorhees@gmail.com
Other Participants
James Kenney 2 USEPA HQ 202-564-4027 | Kenney.James@epa.gov
John Veil Veil Environmental 410-212-0950 | john@veilenvironmental.com




Larry.Bengal@aoqc.state.ar.us
bob.koehler@state.co.us
rex@kgs.ku.edu
rupp@indiana.edu
Leslie.Savage@rrc.state.tx.us
ben@gwpc.or
mpaque@gwpc.org
musick_ambrose@msn.com
elmajer@Ibl.gov
dustin.crandall@netl.doe.gov
bates.william@epa.gov
brian.woodard2@chk.com
kris.j.nygaard@exxonmobil.com
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Jeffrey.nunn@gmail.com
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Kenney.James@epa.qov
john@veilenvironmental.com




Seismic Monitoring- Review of the issues regarding seismic monitoring — Craig Pearson (TX) Hal Macartney- Pioneer, and (Joe Lee, GWPC Staff support)

| Title

| Agency

Phone

| e-mail

State Regulatory Agencies and Geological Surveys

AR - Larry Bengal roam Arkansas Oil & Gas Commission £01-683-5814 | Larry.Bengal@aogc.state.ar.us
OH - Rick Simmers roam Ohio Department of Natural Resources 330-896-0616 | Rick.Simmers@dnr.state.oh.us
OK- Michael Teague 1,3,2,4 Oklahoma Secretary of Energy & Environment 105-285-9213 | Michael.Teague@ee.ok.gov
TX — Craig Pearson Not attending Texas Railroad Commission 512-463-8252 | Craig.Pearson@rrc.state.tx.us
TX — Mike Sims Texas Railroad Commission 512-463-5405 | Michael.sims@rrc.state.tx.us
Work Group Support

GWPC- Ben Grunewald | roam Ground Water Protection Council 105-255-0228 | ben@gwpc.or

GWPC - Mike Paque roam Ground Water Protection Council 05-516-4972 | mpaque@gwpc.org

GWPC- Joe Lee Ground Water Protection Council [717-991-5620 | Joslee.jl@gmail.com

Federal Agencies

Nancy Dorsey 131,24 | Environmental Protection Agency Region 6 | 214 665-2294 | Dorsey.Nancy@epa.qov
Environmental Groups

Scott Anderson 341 | Environmental Defense Fund | 512 691-3410 | sanderson@edf.org

Oil & Gas Industry

Rod Gertson 134 Devon Energy Corp 405-228-8243 | Rod.Gertson@dvn.com

Kara Williams Chesapeake Energy 405-935-3454 | Kara.williams@chk.com

Tim Tyrrell 3,142 XTO Energy 817-885-3742 | Timothy Tyrrell@xtoenergy.com
Hal Macartney 3 Pioneer Natural Resources 303-675-2637 | Hal.Macartney@pxd.com
Derek Smith Rex Energy 814-795-2524 | dsmith@rexenergycorp.com
Research

Ed Steele | Where ever needed | GE Global Research | 405 896-4601 | Edward.steelel@ge.com

Geothermal Industry

Other Organizations

Other Participants
Dan Arthur ALL Consulting 918-382-7581 | darthur@all-llc.com
Holly Green USEPA HQ 202-566-0651 | Green.holly@epa.gov




Larry.Bengal@aoqc.state.ar.us
Rick.Simmers@dnr.state.oh.us
Michael. Teague@ee.ok.qov
Craig.Pearson@rrc.state.tx.us
Michael.sims@rrc.state.tx.us
ben@gwpc.or
mpaque@gwpc.org
Joslee.jjl@gmail.com
Dorsey.Nancy@epa.gov
sanderson@edf.org
Rod.Gertson@dvn.com
Kara.williams@chk.com
Timothy Tyrrell@xtoenergy.com
Hal.Macartney@pxd.com
dsmith@rexenergycorp.com
Edward.steelel@ge.com
darthur@all-llc.com
Green.holly@epa.gov




Ground Motion - Review of the concept surface motion (or ground movement) rather than (or in addition to) magnitude as a measurement that would lead to more
appropriate communication to the public as well a more appropriate measurement for decisions — Herschel McDivitt (IN), lvan Wong -URS, and (Gerry Baker, IOGCC

Staff support)
| Title | Agency | Phone | e-mail

State Regulatory Agencies and Geological Surveys
AR - Larry Bengal roam Arkansas Oil & Gas Commission 501-683-5814 | Larry.Bengal@aoqc.state.ar.us
IN — Herschel McDivitt 4 Indiana Division of Oil & Gas 317-232-4058 | hmcdivitt@dnr.IN.gov
OH - Rick Simmers roam Ohio Department of Natural Resources 330-896-0616 | Rick.Simmers@dnr.state.oh.us
OH - Robert Worstall Ohio Department of Natural Resources 330-284-1418 | robert.worstall@dnr.state.oh.us
OH - Andrew Adgate Ohio Department of Natural Resources 614-265-6673 | Andrew.adgate@dnr.state.oh.us
Work Group Support
IOGCC - Gerry Baker Interstate Oil and Gas Compact Commission 105-525-3556 | gerry.baker@iogcc.state.ok.us
GWPC- Ben Grunewald | roam Ground Water Protection Council 105-255-0228 | ben@gwpc.or
GWPC - Mike Paque roam Ground Water Protection Council 105-516-4972 | mpaque@gwpc.org

Federal Agencies

Justin Rubenstein [ 30r4,21 | United States Geological Survey | 650-329-4852 | jrubinstein@usgs.qgov
Environmental Groups

Oil & Gas Industry

Debby Yost 4321 Chesapeake Energy 405-935-4179 | Debby.yost@chk.com
Brad Bacon 1,4,3,2 PDC Energy 303-831-3945 | Brad.Bacon@pdce.com
Research

lvan Wong | 4 | Seismic Hazards Group URS Corporation | 510 874-3014 | Ivan.Wong@urs.com

Geothermal Industry

Other Organizations

Other Participants




Larry.Bengal@aoqc.state.ar.us
hmcdivitt@dnr.IN.gov
Rick.Simmers@dnr.state.oh.us
robert.worstall@dnr.state.oh.us
Andrew.adgate@dnr.state.oh.us
gerry.baker@iogcc.state.ok.us
ben@gwpc.or
mpaque@gwpc.org
jrubinstein@usgs.gov
Debby.yost@chk.com
Brad.Bacon@pdce.com
Ivan.Wong@urs.com

INDUCED
- SEISMICITY

By Underground Injection

Event White Papers at www.gwpc.org/Resources




